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^— ^ ( Abstract. SKA will be operating at the same time with several new large optical, 

■ X-ray and T-ray facilities currently under construction or planned. Fostering synergies 

£\j ' in astrophysical research made across different spectral bands presents a compelling 

argument for designing the SKA such that it would offer imaging capabilities similar 
to those of other future telescopes. Imaging capabilities of the SKA are compared here 
with those of the major future astrophysical facilities. 
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Imaging performance of SKA and other future 



> ■ telescopes 

A first order comparison of imaging performance of different instruments can 
\q . be made by comparing their respective spatial dynamic ranges (SDR, the ratio 

' between the maximum and the minimum detectable angular scales) and resolu- 

. tions. 

The resolution of the SKA is compared in Figure ^with the resolutions of 
various existing and future telescopes. The resolution of SKA is close to the 
Qh resolution of the largest projected optical telescopes, but it may be inferior to 

the resolution of the proposed X-ray interferometer mission MAXIM. For the 
5— ( ' optical telescopes, the SKA would be able to present a reasonable match provided 

r/2 . that the SKA reaches a < 1 mas resolution at its highest observing frequency 

(see for more details). 

The SDR of the different SKA designs is compared in Figure ^ with the 
SDR of other instruments. For a radio interferometer, the SDR is affected by 
the observing bandwidth, Av, averaging time, r, and filling factor of the Fourier 
& ' domain, Au/u pQ (analogies of these quantities can be found for all instruments 

working in other spectral bands). 

For most of the high-dynamic range observations with the SKA the band- 
width and integration time may have to be significantly reduced, if one would 
require to reach SDR similar to that of the largest optical instruments. These 
two corrections can be introduced at the stage of observation preparation, and 
their worst effect is the increased observing time needed to reach the required 
sensitivity. The Fourier space sampling, described by the Au/u ratio, is however 
"hard-wired" into the array design, and can only be improved by adding new 

1 The Square Kilometer Array, a next generation interferometric instrument for 
centimeter- wave radio astronomy. See http://www.skatelescope.org for a detailed 
description. 
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Fig. 1. Left: Resolution of the SKA compared with the resolution of other main ex- 
isting and future astronomical instruments. Right: Spatial dynamic range of the SKA 
designs for observations with Ai/=lMHz and r=ls) compared to other major instru- 
ments 0. 



stations. For an inhomogeneous array in which Au/u varies depending on the 
baseline length, the reduction of spatial and even conventional dynamic range 
may be substantial. This dictates the need to optimize this parameter at the 
earliest possibles stages of the array design. In addition to that, optimization 
of Au/u is also required by high-fidelity imaging at low SNR levels. The lowest 
SNR of "trustable" pixel in an interferometric image is given by 



ln(SNR low ) = 



7T / AU 

-A- +1 



The SDR reduction due to poor Fourier space sampling becomes significant at 
Au/u > 0.4, and it is negligible at Au/u < 0.2. It should therefore be possible to 
reach the maximum SDR levels in an array configuration that provides Au/u < 
0.2 at all baselines. If multifrequency synthesis is used for imaging, this condition 
becomes Au/u < 0.2 + Af m f s (A^ m f s is the fractional bandwidth over which the 
synthesis is performed). Therefore, this requirement must be considered as one 
of the basic requirements for the design of the SKA. 

To make the SKA a competitive imaging instrument that would match the 
capabilities of future optical and X-ray telescopes, two basic conditions must be 
fulfilled: 

1 . Resolution of < 1 mas at the highest observing frequency. 

2. Fourier plane filling factor Au/u < 0.2 over the entire range of Mt>-coverage. 
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